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Speed  control  device  for  stepping  motor. 

@  A  speed  control  device  for  a  stepping  motor  is  disclosed 
which  is  possible  to  freely  control  the  running  speed  of  the 
stepping  motor  when  driving  it  in  a  closed  loop. 

Its  mechanism  is  designed  to  be  possible  to  decide  which 
excitation  phase  to  be  excited  according  to  a  phase  difference 
between  the  output  signals  emitted  from  the  encoder  and  the 
speed-variable  reference  clock  signals  and  to  make  the  run- 
ning  speed  of  the  stepping  motor  follow  to  the  instruction  of 
said  reference  clock  signals. 

0 .  
I l l  

ACTORUM  AG 

 A   speed  control  device  for  a  stepping  motor  is  disclosed 
which  is  possible  to  freely  control  the  running  speed  of  the 
stepping  motor  when  driving  it  in  a  closed  loop. 

Its  mechanism  is  designed  to  be  possible  to  decide  which 
excitation  phase  to  be  excited  according  to  a  phase  difference 
between  the  output  signals  emitted  from  the  encoder  and  the 
speed-variable  reference  clock  signals  and  to  make  the  run- 
ning  speed  of  the  stepping  motor  follow  to  the  instruction  of 
said  reference  clock  signals. 



T e c h n i c a l   F i e l d   Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  speed   c o n t r o l   d e v i c e  

f o r  a  s t e p p i n g   m o t o r ,   and  more  p a r t i c u l a r l y   to  a  speed   c o n t r o l  

s y s t e m   f o r  s t e p p i n g   m o t o r   to  make  i t   p o s s i b l e   to  f r e e l y   c o n -  

t r o l   the  speed   t h e r e o f   when  a c t u a t i n g   s a i d   s t e p p i n g   m o t o r   i n  

a  s o - c a l l e d   c l o s e d   l o o p .  

T e c h n i c a l   B a c k g r o u n d   And  I t s   C o n t r o v e r s i a l   P o i n t   Of  The  I n -  
v e n t i o n  

As  i s   commonly  known,  the  s t e p p i n g   m o t o r   is   g e n e r a l l y   e m -  

p l o y e d   in an open  loop  b e c a u s e   i t   has  two  s p e c i f i c   c h a r a c t e r s  

t h a t   (1)  i t s   r u n n i n g   speed   i s   p r o p o r t i o n a l   to  a  g e n e r a t i n g  

speed   of  the  p u l s e s   and  (2)  i t s   r e v o l u t i o n a r y   f r e q u e n c y   i s  

p r o p o r t i o n e d   to  a  g e n e r a t i n g   number   of  the  p u l s e s .   H o w e v e r ,  
a n  

i f   the  s t e p p i n g   m o t o r   i s   u s e d   i n a o p e n   l o o p ,   t h e r e   may  be  some 
a n  

c a s e s   where  i t   runs   i n t o a u n f o r e s e e n   d i s o r d e r   d u e  t o   a  f l u c -  

t u a t i o n   of  the  l o a d   f a l l i n g   on  the  m o t o r .   For  t h i s   r e a s o n ,  

when  a  s t a b i l i t y   of  the  p e r f o r m a n c e   i s   s p e c i f i c a l l y   r e q u e s t e d ,  

a  c l o s e d   loop  c o n t r o l   s y s t e m   is   g e n e r a l l y   u s e d   which  is   p o s -  

s i b l e   to  change   an  e x c i t a t i o n   mode  on  the  b a s i s   of  i n f o r m a -  

t i o n s   showing   a  c u r r e n t   phase   of  the  s t e p p i n g   m o t o r   w h i c h  

are   o b t a i n e d   by  f e e d i n g   e n c o d e r   o u t p u t   s i g n a l s   back  to  a  

p u l s e   d i s t r i b u t o r .  

Where  u s i n g   the  s t e p p i n g   mo to r   in  the  c l o s e d   loop  in  t h i s  



way,  the  a f o r e m e n t i o n e d   d i s o r d e r   due  to  s a i d   l oad   f l u c t u a t i c n  

can  p o s i t i v e l y   be  p r e v e n t e d . ,   H o w e v e r ,   i t   is   i m p o s s i b l e   t o  g i v e  

i n s t r u c t i o n s   of  i n t e r m e d i a t e   speed   and  in  c o n s e q u e n c e   to  s e t  

f r e e l y   the   speed   o f  s t e p p i n g   m o t o r   b e c a u s e   such  a  speed   c o n -  

t r o l   me thod   i s   to  be  r e a l i z e d   by  c h a n g i n g   ove r   an  e x c i t a t i o n  

mode  p r e p a r e d   in   a d v a n c e .  

OBJECTS  AND  BRIEF  SUMMARY  OF  THE  INVENTION 

I t   a re ,   t h e r e f o r e ,   o u t s t a n d i n g   o b j e c t s   of  the   p r e s e n t   i n -  

v e n t i o n   to  e l i m i n a t e   such  d r a w b a c k s   of   p r i o r   a r t   and  to  p r o -  

v i d e   a  new  and  u n i q u e   speed   c o n t r o l   d e v i c e   f o r f s t e p p i n g   m o t o r  

w h i c h   e n a b l e s   c o n t r o l l i n g   f r e e l y   the  r u n n i n g   speed   of  the  s t e p -  

p i n g   m o t o r ,   e s p e c i a l l y   u s e d   in   the  c l o s e d   l o o p .  

Tha t   i s   to  s ay ,   the   speed   c o n t r o l   d e v i c e   f o r  a  s t e p p i n g  

m o t o r   u n d e r   the   p r e s e n t   i n v e n t i o n   i s   to  r e a l i z e   the   a b o v e - n o t e d  

o b j e c t s   t h r o u g h   a  u n i q u e   c o n t r i v a n c e   which   c o m p r i s e s   a  

means  e l e c t r i c a l l y   g e n e r a t i n g   an  e x c i t a t i o n   p a t t e r n   g i v e n  

to  the   s t e p p i n g   m o t o r ,   a  means  r e n o v a t i n g   s a i d   e x c i t a t i o n  

p a t t e r n ,   a  means  c o m p a r i n g   a  c u r r e n t   speed   of  the   s t e p p i n g  

m o t o r   w i t h   an  i n s t r u c t i o n   s p e e d   g i v e n   t h e r e t o ,   a  means  c h a n g -  

i n g   a  r e n o v a t i o n   s p e e d   of  s a i d   e x c i t a t i o n   p a t t e r n   a c c o r d i n g  

to  a  d i f f e r e n c e   b e t w e e n   the  c u r r e n t   speed   and  the  i n s t r u c t e d  

s p e e d   of  the  s t e p p i n g   m o t o r   and  a  means  m a k i n g   s a i d   c u r r e n t  

s p e e d   f o l l o w   the  s a i d   i n s t r u c t e d   s p e e d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   w i l l   more  f u l l y   be  u n d e r s t o o d ,  



t o g e t h e r   wi th   f u r t h e r   a d v a n t a g e s   t h e r e o f ,   by  r e f e r e n c e   to  t h e  

f o l l o w i n g   s p e c i f i c a t i o n   t a k e n   in  c o n n e c t i o n   w i t h   the  a c c o m -  

p a n y i n g   d r a w i n g s ,   in   w h i c h  ;  

F ig .1   i s   a  b l o c k   d i a g r a m   s h o w i n g   an  embod imen t   of  the  p r e s -  

en t   i n v e n t i o n ,  

F i g . 2   i s   a  t i m i n g   c h a r t   o f  w o r k i n g   example   of  the   p h a s e  

d e t e c t o r ,  

F i g . 3   i s   a  b l o c k   d i a g r a m   showing   a n o t h e r   embod imen t   of  t h e  

p r e s e n t   i n v e n t i o n ,  

F i g s . 4   and  5  are   t i m i n g   c h a r t s   of  o u t p u t   p u l s e s   e m i t t e d  

from  phase   d i s c r i m i n a t i n g   m e a n s ,  

F i g . 6   i s   a  f low  c h a r t   of  c o n t r o l   o p e r a t i o n   in  the  e m b o d i -  

ment  shown  in  F i g . 3 ,  

F i g . 7   i s   a  b l o c k   d i a g r a m   s h o w i n g   a  y e t   a n o t h e r   e m b o d i m e n t  

of  the  p r e s e n t   i n v e n t i o n ,  

F i g . 8   is   a  c i r c u i t   d i a g r a m   s h o w i n g   a  c o m p o s i t i o n   e x a m p l e  

of  wave  form  r e c t i f y i n g   m e a n s ,  

F i g s . 9   and  10  are   t i m i n g   c h a r t s   s h o w i n g   r e s p e c t i v e l y   w o r k -  

ing   e x a m p l e s   of  wave  form  r e c t i f y i n g   means ,   a n d  

F i g . 1 1   i s   a  c i r c u i t   d i a g r a m   s h o w i n g   a  c o m p o s i t i o n   e x a m p l e  

of  c o n t r o l   m e a n s .  

D e t a i l e d   D e s c r i p t i o n   Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   f u r t h e r  

d e t a i l   as  f o r   the  s p e c i f i c   embod imen t   in   c o n n e c t i o n   w i t h   t h e  

a c c o m p a n y i n g   d r a w i n g s .  



I n i t i a l l y   l e t   us  b e g i n   an  e x p l a n a t i o n   from  the  e m b o d i m e n t  

shown  in  F i g . 1 .   The  n u m e r i c   number   "1"  shows  a  s t e p p i n g  

m o t o r   and  "2"  shows  a  e n c o d e r   c o n n e c t e d   t h e r e t o .   Th i s   e n -  

c o d e r   2  i s   t h e  s e l f - s a m e   in  the  s t r u c t u r e   as  t h a t   of  the  o r -  

d i n a r y   t ype   and  d e s i g n e d   to  pu t   out   the  p u l s e   s i g n a l s   c o r -  

r e s p o n d e n t   to  a  r o t a t i o n a l   p o s i t i o n   and  an  e x c i t a t i o n   p h a s e  

of  the  r o t o r .   These   p u l s e   s i g n a l s   are   pu t   i n t o   a  d i s t r i -  

b u t o r   3  and  a l s o   a  p h a s e   d e t e c t o r   4.  To  a n o t h e r   i n p u t   p o r t  

of   t h i s   phase   d e t e c t o r   4,  the   p u l s e   s i g n a l s   e m i t t e d   from  a  

s p e e d   i n s t r u c t i o n   c i r c u i t   5  a re   g i v e n .   The  speed   i n s t r u c -  

t i o n   c i r c u i t   5  c o m p r i s e s   a  p u l s e   g e n e r a t o r   whose  f r e q u e n c y  

can  o p t i o n a l l y   and  m a n u a l l y   be  c h a n g e d .   And  t h e  

p h a s e   d e t e c t o r   4  c o m p r i s e s   a ;  c i r c u i t   i l l u s t r a t e d   in   F  i g . 1  

and  an  o u t p u t   p u l s e   wave  form  "C"  of  t h i s   p h a s e   d e t e c t o r   4 

c o r r e s p o n d i n g   to  each  i n p u t   p u l s e   wave  form  "A"  and  "B"  i s  

as  g i v e n   in  F i g . 2 .   The  d i s t r i b u t o r   3  i s   d e s i g n e d   to  r e c e i v e  

b o t h   of  the  o u t p u t   p u l s e s   "C"  and  the  o u t p u t   p u l s e s   e m i t t e d  

from  e n c o d e r   2,  and  to  e x c i t e   an  e x c i t a t i o n   p h a s e   n e x t   t o  

the   e x c i t a t i o n   p h a s e   c o r r e s p o n d i n g   to  the   o u t p u t   p u l s e s   o f  

the   e n c o d e r   2  when  the  o u t p u t   p u l s e s   of  phase   d e t e c t o r   4  a r e  

a t   H - l e v e l   and  a l s o   to  e x c i t e   an  e x c i t a t i o n   phase   c o r r e s p o n d -  

i n g   to  the  o u t p u t   p u l s e s   of  e n c o d e r   2  when  i t   i s   at  L - l e v e l .  

I t   i s   n e e d l e s s   to  say  t h a t   each   e x c i t a t i o n   phase   i s   n o t  

e x c i t e d   d i r e c t l y   by  the  o u t p u t   power   coming  from  the  d i s t r i -  

b u t o r   3  bu t   e x c i t e d   i n d i r e c t l y   t h r o u g h   an  e x c i t a t i o n   c i r c u i t  

6  from  a  DC  s u p p l y   s o u r c e   7  in   the  same  way  as  w i t h i n   t h e  

f o r m e r   m e t h o d .  



As  n o t e d   above ,   when  the  e x c i t a t i o n   phase   of  s t e p p i n g  m o t o r  

1  i s   e x c i t e d   a c c o r d i n g   to  a  phase   d i f f e r e n c e   b e t w e e n   p u l s e s  

coming   from  b o t h   of  the  e n c o d e r   2  and  the  speed   i n s t r u c t i o n  

c i r c u i t   5,  i f   the  r u n n i n g   speed   of  s t e p p i n g   m o t o r   1  i s   s l o w  

and  the  wave  w i d t h   of  o u t p u t   p u l s e s   i s   l a r g e ,   the  wave  w i d t h  

of  L - l e v e l   s ide   in  the  o u t p u t   of  phase   d e t e c t o r   4  b e c o m e s  

s m a l l e r ,   w h i l e   t h a t   of  H - l e v e l   s i de   becomes   l a r g e r ,   as  shown 

in   F i g . 2 .   A l s o ,   when  the  o u t p u t   p u l s e s   of  p h a s e   d e t e c t o r  

4  a re   at  H - l e v e l ,   an  e x c i t a t i o n   p h a s e   n e x t   to  the  c u r r e n t  

r o t a t i o n a l   p o s i t i o n   of  the  r o t o r   ( u n - i l l u s t r a t e d )   w i l l   b e  

e x c i t e d   and  in   c o n s e q u e n c e   a  r e v o l u t i o n   of  the  r o t o r   w i l l   b e  

a c c e l e r a t e d   b u t ,   i f   the   o u t p u t   p u l s e s   of  p h a s e   d e t e c t o r   4 

a re   at   L - l e v e l ,   the  e x c i t a t i o n   phase   c o r r e s p o n d i n g   to  t h e  

c u r r e n t   r o t a t i o n a l   p o s i t i o n   of  the  r o t o r   w i l l   be  r e - e x c i t e d  

and  c a u s e s   the  r o t o r   r e v o l u t i o n   to  d e c e l e r a t e .   T h e r e f o r e ,  

i f   the  wave  w i d t h   of  H - l e v e l   s i de   in  the  o u t p u t   p u l s e s   "C" 

becomes   l a r g e r ,   the  r o t o r   becomes   g r a d u a l l y   f a s t   (ACCELER- 

ATION),  and  o n  t h e   c o n t r a r y   i f   t h a t   of  L - l e v e l   s i d e   in  t h e  

o u t p u t   p u l s e s   "C"  becomes  l a r g e r   i t   becomes   slow  (DECELER- 

ATION).  Thus,   the  p u l s e s   "A"  e m i t t e d   from  the  speed   i n -  

s t r u c t i o n   c i r c u i t   5  come  to  a  c o i n c i d e n c e   in   a  f i x e d   r e -  

l a t i o n s h i p   w i t h   the  p u l s e s   "B"  e m i t t e d   from  the  e n c o d e r   2 .  

In  t h i s   way,  t h i s   d e v i c e   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n  

i s   d e s i g n e d   to  e n a b l e   making   the  m o t o r   r e v o l u t i o n   f o l l o w  

up  to  the  p u l s e s   e m i t t e d   from  the  speed   i n s t r u c t i o n   c i r c u i t  

5.  C o n s e q u e n t l y ,   d e p e n d i n g   on  the  p r e s e n t   i n v e n t i o n ,   t h e  



r u n n i n g   speed   of  s t e p p i n g   m o t o r   1  can  o p t i o n a l l y   be  c o n t r o l l e d  

by  c h a n g i n g   a  f r e q u e n c y   of  the  o u t p u t   p u l s e s   e m i t t e d   from  t h e  

s p e e d   i n s t r u c t i o n   c i r c u i t .  

R e f e r r i n g   n e x t   to  F i g . 3 ,   a  b l o c k   d i a g r a m   showing   a n o t h e r  

e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   t h e r e i n .  

The  s t e p p i n g   m o t o r   1  has   g e n e r a l l y   s e v e r a l   e x c i t a t i o n   p h a s e s ,  

e . g .   f o u r   (4)  p h a s e s   and  r uns   when  the   e x c i t a t i o n   s i g n a l s   o f  

Q1,  Q2,  Q3  and  Q4  a re   s e q u e n t i a l l y   g i v e n   to  each   of  the  s a i d  

f o u r   e x c i t a t i o n   p h a s e s .   The  e n c o d e r   2  i s   c o n n e c t e d   to  t h i s  

s t e p p i n g   m o t o r   1.  A l t h o u g h   the   type   of  e n c o d e r   2  i s   n o t  

s p e c i f i c a l l y   c o n f i n e d ,   i f   an  a b s o l u t e   e n c o d e r ,   f o r   i n s t a n c e ,  

i s   e m p l o y e d   f o r   t h i s   p u r p o s e ,   i t   w i l l   be  p o s s i b l e  

to  p u t   out   the  p o s i t i o n a l   s i g n a l s   of  P1,  P2,  P3  and  P4  a c -  

c o r d i n g   to  the  c u r r e n t   r o t a t i o n a l   p o s i t i o n   of  the   r o t o r .  

The  d e v i c e   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   i s   d e s i g n e d   t o  

d e t e c t   v a r i o u s   c o n d i t i o n s   of  the  s t e p p i n g   m o t o r   by  u s i n g   b o t h  

of   the   o u t p u t   s i g n a l s   e m i t t e d   from  the   e n c o d e r   2  and  t h e i r  

p r o c e s s e d   s i g n a l s   and  to  d e t e r m i n e   the   e x c i t a t i o n   o r d e r   o f  

e a c h   e x c i t a t i o n   p h a s e   of  the   s t e p p i n g   m o t o r   1  by  the  a id   o f  

a  m i c r o c o m p u t e r   8  in   a c c o r d a n c e   w i t h   the  d i f f e r e n t   c o n d i t i o n s  

of   the   s t e p p i n g   m o t o r   1 .  

The  c o n t r o l   o p e r a t i o n s   of  t h i s   m i c r o c o m p u t e r   8  a re   a s  

shown  in  a  f low  c h a r t   of  F i g . 6 .   In  o r d e r   to  p r a c t i c e   s u c h  

c o n t r o l   o p e r a t i o n s ,   a  v a r i e t y   of  p u l s e   s i g n a l s   to  be  n o t e d  

in   the   f o l l o w i n g   p a p e r s   are   put   i n t o   t h i s   m i c r o c o m p u t e r   8 .  



The  most   c a r d i n a l   p u l s e   s i g n a l s   among  them  are  o u t p u t  

s i g n a l s   "C"  e m i t t e d   from  the  p h a s e   d i s c r i m i n a t i n g   means  4 ' ,  

by  which  the  m i c r o c o m p u t e r   8  d e t e r m i n e s   w h e t h e r   an  a c c e l e r -  

a t i n g   o r d e r   has  to  be  g i v e n   or a  d e c e l e r a t i n g   o r d e r   has  t o  

be  g i v e n   to  the  s t e p p i n g   m o t o r   1.  That   i s   to  say,   t h e  

r e f e r e n c e   c l o c k   s i g n a l s   "A"  e m i t t e d   from  a  f r e q u e n c y - v a r i a b l e  

o s c i l l a t o r   5'  a re   i m p r e s s e d   to  one  of  the  i n p u t   p o r t s   o f  

the  phase   d i s c r i m i n a t i n g   means  4'  and  at   the  same  t ime  t h e  

s p e e d   s i g n a l s   "B"  d i r e c t i n g   the  r o t o r ' s   r u n n i n g   speed   a r e  

i m p r e s s e d   to  a n o t h e r   i n p u t   p o r t   t h e r e o f   from  the  e n c o d e r   2 .  

The  phase   d i s c r i m i n a t i n g   means  4'  makes  a  c o m p a r i s o n   b e t w e e n  

p h a s e s   of  b o t h   s i g n a l s ,   and  f u n c t i o n s   to  r i s e   the  o u t p u t  

s i g n a l s   "C"  when  the  p h a s e   of  r e f e r e n c e   c l o c k   s i g n a l s   "A" 

i s   f o r w a r d   in   p o s i t i o n   and  to  f a l l  t h e   o u t p u t   s i g n a l s   "C" 

when  i t   i s   b a c k w a r d   in   p o s i t i o n .   Thus ,   the  m i c r o c o m p u t e r  

8  j u d g e s   a  l o g i c a l   l e v e l   of  the  o u t p u t   s i g n a l s   "C"  e m i t t e d  

from  phase   d i s c r i m i n a t i n g   means  4'  and,   when  i t   i s   i n  

"LOGIC  1"  ( i . e .   when  the  r u n n i n g   speed   of  r o t o r   i s   s l o w e r  

t h a n   the  i n s t r u c t i o n   speed   of  r e f e r e n c e   c l o c k   s i g n a l s   " A " ) ,  

the  m i c r o c o m p u t e r   j u d g e s   " i t   i s   n e c e s s a r y   to  i s s u e   an  a c -  

c e l e r a t i o n   o r d e r "   and  d e s i g n a t e s   an  e x c i t a t i o n   p h a s e   r e l e -  

v a n t   to  the  a c c e l e r a t i o n   to  q u i c k e n   the  r u n n i n g   speed   o f  

the  s t e p p i n g   m o t o r   1.  On  the  c o n t r a r y ,   when  the  o u t p u t  

s i g n a l s   "C"  of  phase   d i s c r i m i n a t i n g   means  4'  are   in  "LOGIC 

0",  the  m i c r o c o m p u t e r   j u d g e s   " i t   i s   n e c e s s a r y   to  i s s u e   a  

d e c e l e r a t i o n   o r d e r "   and  d e s i g n a t e s   an  e x c i t a t i o n   p h a s e  



r e l e v a n t   to  the  d e c e l e r a t i o n   to  s low  down  the  r u n n i n g   s p e e d  

of  the  s t e p p i n g   m o t o r   1.  In  t h i s   way,  the  r u n n i n g   s p e e d  

of  s t e p p i n g   m o t o r   1  comes  to  f o l l o w   up  a l w a y s   to  the  r e f e r -  

ence  c l o c k   s i g n a l s   " A " .  

I n c i d e n t a l l y   we  may  r emark   t h a t ,   f o r   speed   s i g n a l s   "B" 

to  be  pu t   i n t o   the  phase   d i s c r i m i n a t i n g   means  4 ' ,   t h e r e   i s  

no  o b j e c t i o n   to  use  any  type   of  s i g n a l s   i f   t hey   are   of  s u c h  

t y p e s   as  can  d e t e c t   the  r u n n i n g   speed   of  r o t o r ,   i t   may  c o n -  

s e q u e n t l y   be  a l l o w e d   a l s o   to  use   a n y  o n e   of  the  p o s i t i o n a l  

s i g n a l s   P1,  P2,  P3,  P4  e m i t t e d   from  the  e n c o d e r   2  as  t h e y  

a r e ,   or  a l s o   to  use  the  s i g n a l s   e l i m i n a t e d   an  "AND"  e l e m e n t  

from  the  p o s i t i o n a l   s i g n a l s   in   o r d e r   to  e n h a n c e   f u r t h e r  

a c c u r a c y .   For  an  a c t u a l   example   of  phase   d i s c r i m i n a t i n g  

means   4 ' ,   i f   you  c o u l d   r e f e r   to  the  i n f o r m a t i o n s   of  p h a s e  

d e t e c t o r   4  employed   in   a  PLL  c i r c u i t   (  P h a s e   Locked  l o o p  

c i r c u i t )   f o r   mak ing   a  s e l f - s y n c h r o n i z a t i o n   of  d i g i t a l   a p -  

p a r a t u s ,   you  w i l l   e a s i l y   be  a b l e   to  u n d e r s t a n d   i t .  

F u r t h e r ,   the  o u t p u t   s i g n a l s   of  a  n o r m a l / r e v e r s e   r o t a t i o n s  

d i s c r i m i n a t i n g   means  9  are   a l s o   pu t   i n t o   the  m i c r o c o m p u t e r 8 ,  

wh ich   d e t e c t s   w h e t h e r   or  no t   any  v i b r a t i o n   i s   g e n e r a t e d   i n  

the  r o t o r  p o r t i o n   t h r o u g h   the  o u t p u t   s i g n a l s   "D"  o f  s a i d  

n o r m a l / r e v e r s e   r o t a t i o n s   d i s c r i m i n a t i n g   means  9.  A l t h o u g h  

the   s t e p p i n g  m o t o r   1  runs   by  s e q u e n t i a l l y   i m p r e s s i n g   t h e  

e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3  and  Q4  to  each  e x c i t a t i o n  

p h a s e   t h e r e o f ,   i t s   r u n n i n g   m o t i o n   i s   ap t   to  i n v o l v e   c e r t a i n  



of  v i b r a t i o n s   ( i . e .   r e p e t i t i o n   of  n o r m a l / r e v e r s e   r o t a t i o n s  

in   a  p e r i o d   of  the  m i n u t e s t   h o u r )   e s p e c i a l l y   in  a  l o w   s p e e d  

zone  b e c a u s e   i t s   r u n n i n g   m o t i o n ,   m i c r o s c o p i c a l l y ,   i s   made  

s t e p   by  s t e p .   I f   the  s t e p p i n g   m o t i o n   of  e x c i t a t i o n   p h a s e  

t a k e s   p l a c e   w h i l e   a  r e l a t i v e l y   l a r g e   v i b r a t i o n   i s   b e i n g  

g e n e r a t e d   and  i t s   v i b r a t i n g   d i r e c t i o n   i s   c o n t r a r y   to  t h e  

n o r m a l   d i r e c t i o n ,   i t   i s   f e a r e d   t h a t   the  s t e p p i n g   m o t o r   r u n s  

i n t o   d i s o r d e r .   T h e r e f o r e ,   in  t h i s   e m b o d i m e n t ,   the  s p e e d  

c o n t r o l   d e v i c e   i s   so  c o n t r i v e d   t h a t   the  m i c r o c o m p u t e r   a l w a y s  

m o n i t o r s   the  o u t p u t   s i g n a l s   "D"  of  n o r m a l / r e v e r s e   r o t a t i o n s  

d i s c r i m i n a t i n g   means  9  and  makes  the  e x c i t a t i o n   p h a s e   s t e p  

f o r w a r d   w h i l e   the  r o t o r   i s   r u n n i n g   to  the  n o r m a l   d i r e c t i o n .  

By  the  way,  the  n o r m a l / r e v e r s e   r o t a t i o n s   d i s c r i m i n a t i n g  

means ,   in  a c t u a l   c a s e s ,   may  e a s i l y   be  made  up  t h r o u g h   a  

s t a t u s   f l a g   s h o w i n g   t h a t   s a i d   d i s c r i m i n a t i n g   means  9  i s   s e t  

when  the  p o s i t i o n a l   s i g n a l s   P1,  P2,  P3  and  P4  are  pu t   t h e r e i n  

in   n o r m a l   s e q u e n c e   and  s a i d   d i s c r i m i n a t i n g   means  9  i s   r e s e t  

when  s a i d   p o s i t i o n a l   s i g n a l s   a re   put   t h e r e i n   in  r e v e r s e  

s e q u e n c e .  

The  p o s i t i o n a l   s i g n a l s   P1,  P2,  P3  and  P4  e m i t t e d   from  t h e  

e n c o d e r   2  are  pu t   i n t o   the  i n p u t   p o r t s ,   r e l e v a n t   to  each  o f  

s a i d   p o s i t i o n a l   s i g n a l s ,   of  the  m i c r o c o m p u t e r   8,  which  d e -  

c o d e s   t h e s e   s i g n a l s   and  s e n s e s   the  p r e s e n t   p h a s e  o f  r o t o r .  

As  has   been  u n d e r s t o o d   from  the  a f o r e m e n t i o n e d   d e s c r i p t i o n s ,  

the  d e v i c e   used   in  t h i s   embod imen t   i s   d e s i g n e d   to  d e c e l e r a t e  



the   r u n n i n g   speed   of the rotor  t i m e l y   w h i l e   s t a n d i n g   by  an  i s s u e  

of   e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3  and  Q4  a c c o r d i n g   to  the  d e -  

c e l e r a t i o n   o r d e r   g i v e n   from  the   p h a s e   d i s c r i m i n a t i n g   means  4 

when  the  r u n n i n g   speed   of  r o t o r   becomes   f a s t e r   t h a n  t h e  v a l u e  

d i r e c t e d   by  the  r e f e r e n c e   c l o c k   s i g n a l s ,   but   the   r o t o r   may 

keep   on  r u n n i n g   f o r   some  t ime  due  to  an  i n e r t i a   f o r c e .   A t  

t h i s   t i m e ,   i f   the   n e x t   e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3  and  Q4 

a re   g i v e n   to  the  e x c i t a t i o n   p h a s e   b e f o i e t h e   r o t o r   runs   t o  

a  f i x e d   p h a s e   by  t h i s   i n e r t i a   f o r c e ,   t h e r e   is   a  p o s s i b i l i t y  

t h a t   the  s t e p p i n g   m o t o r   f a l l s   i n t o   d i s o r d e r .  

T h e r e f o r e ,   the  c o n t r o l   d e v i c e   a c c o r d i n g   to  the  p r e s e n t   i n -  

v e n t i o n   i s   so  c o n t r i v e d   t h a t   the   m i c r o c o m p u t e r   g i v e s   an  o r d e r  

to  g e n e r a t e   the  n e x t   e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3  and  Q4 

a f t e r   s e n s i n g   the  c u r r e n t   p h a s e   of  r o t o r   t h r o u g h   the  p o s i -  

t i o n a l   s i g n a l s   P1,  P2,  P3,  P4  and  a s c e r t a i n i n g   t h a t   the  r o t o r  

r a n   to  a  f i x e d   p h a s e .  

In  p a s s i n g ,   we  may  add  t h a t   an  e x c i t a t i o n   c i r c u i t   6  t o  

d r i v e   the  s t e p p i n g   m o t o r   1  by  a m p l i f y i n g   the  e x c i t a t i o n   s i g -  

n a l s   Q1,  Q2,  Q3  and  Q4  e m i t t e d   from  the  m i c r o c o m p u t e r   8  a n d  

a  DC  power   s o u r c e   7  f o r   s u p p l y i n g   the  power  to  t h i s   e x c i t a -  

t i o n   c i r c u i t   a re   the  same  c o n s t r u c t i o n   as  c o n v e n t i o n a l   o n e s .  

S i n c e   the   s t r u c t u r a l   a s p e c t s   of  the  speed   c o n t r o l   d e v i c e  

f o r   s t e p p i n g   m o t o r   u n d e r   the  p r e s e n t   i n v e n t i o n   have  m a i n l y  

been   d e s c r i b e d   in  the  a b o v e ,   l e t   us  n e x t   e n t e r   i n t o   an  e x -  

p l a n a t i o n   of  the  w o r k i n g   p r i n c i p l e   by  r e f e r e n c e   to  the  a f o r e -  



m e n t i o n e d   s t r u c t u r a l   c h a r a c t e r s   and  the  a c c o m p a n y i n g   d r a w i n g s .  

When  the  o p e r a t o r   s t a r t s   the  s t e p p i n g   m o t o r   or  q u i c k e n s  

an  e m i s s i o n   of  r e f e r e n c e   p u l s e   s i g n a l s   from  the  o s c i l l a t o r  

5,  the  phase   of  s a i d   r e f e r e n c e   p u l s e ; s i g n a l s   w i l l   move  f o r -  

ward  to  t h a t   of  o u t p u t   p u l s e s   e m i t t e d   from  the  e n c o d e r   2 .  

A c c o r d i n g l y ,   a  c o n t i n u o u s   t ime  of  the   o u t p u t   s i g n a l s   "C" 

e m i t t e d   from  phase   d i s c r i m i n a t i n g   means  4'  a t   an  i n i t i a l  

s t a g e   w i l l   e x t r e m e l y   be  p r o l o n g e d   at   the  t ime  of  "Log ic   1 " ,  

wh i l e   i t   w i l l   e x c e e d i n g l y   be  s h o r t e n e d   a t   the  t ime  o f  

"Log ic   0",  as  shown  in  the  t i m i n g   c h a r t   of  F i g . 4 .  

The  m i c r o c o m p u t e r   8  d i s c r i m i n a t e s   the  d i f f e r e n c e   b e t w e e n  

s a i d   l o g i c   l e v e l s   of  the  o u t p u t   p u l s e s   "C"  e m i t t e d   from  t h e  

phase   d i s c r i m i n a t i n g   means  4'  and  j u d g e s   i t s   s t a t e   as  " i t  

i s   p r o p e r   to  g ive   an  a c c e l e r a t i o n   o r d e r "   i f   s a i d   l e v e l   i s  

in   "Log ic   1"  and  i s s u e s   the  e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3 

and  Q4  to  make  the  e x c i t a t i o n   phase   s t e p   f o r w a r d ,   t h u s  

p r o v i d i n g   the  a c c e l e r a t i n g   m o t i o n   f o r   the  s t e p p i n g   mo to r   1.  

A c c o r d i n g l y ,   the  c o n t i n u o u s   t ime  of  o u t p u t   p u l s e s   "C" 

e m i t t e d   from  the  phase   d i s c r i m i n a t i n g   means  4'  w i l l   t h e n  

g r a d u a l l y   be  s h o r t e n e d   in  "Log ic   1",  and  in   "Log i c   0"  i t  

w i l l   g r a d u a l l y   be  p r o l o n g e d .   Thus ,   the  two  w i l l   soon  come 

to  an  equ i l ib r ium  s t a t e   where  the  speed   of  s t e p p i n g   mo to r   1 

is   s t a b i l i z e d .  

By  the  way,  when  the  e x c i t a t i o n   s i g n a l s   now  e m i t t e d   f r o m  



the  m i c r o c o m p u t e r   a re   of  Qi  (  " i "   i s   a  n a t u r a l   number   of  1 

t h r o u g h   4  ),  the  a c c e l e r a t i o n   c o n t r o l   to  be  p r a c t i c e d   by  t h e  

m i c r o c o m p u t e r   8  i s   to  pu t   out   the  e x c i t a t i o n   s i g n a l s   of  ( Q i  

+  1).  However ,   when  the  r o t o r   i s   in   r e v e r s e   r o t a t i o n ,   i f  

the   e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3,  Q4  are   s e q u e n t i a l l y   g i v e n  

to  make  the  e x c i t a t i o n   phase   s t e p   f o r w a r d ,   t h e r e   i s   a  p o s -  

s i b i l i t y   t h a t   the  s t e p p i n g   m o t o r   f a l l s   i n t o   d i s o r d e r ,   e s p e -  

c i a l l y   in   low  speed   zone  due  to  the  v i b r a t i o n s   as  has  b e e n  

a f o r e m e n t i o n e d .   T h e r e f o r e ,   the  d e v i c e   u n d e r   the  p r e s e n t  

i n v e n t i o n   i s   so  c o n t r i v e d   t h a t   the   e x c i t a t i o n   s i g n a l s   Q1, 

Q2,  Q3  and  Q4  are   s e q u e n t i a l l y   g i v e n   to  cause   the  e x c i t a t i o n  

p h a s e   to  s t e p   f o r w a r d   a f t e r   m a k i n g   su re   t h a t   the  r o t o r   i s   i n  

n o r m a l   r o t a t i o n   by  t u r n i n g   s a i d   v i b r a t i o n   back   to  a  s t a t i o n a r y  

s t a t e   w h i l e   m o n i t o r i n g   the  o u t p u t   p u l s e s   "D"  of  a  n o r m a l / r e -  

v e r s e   r o t a t i o n s   d i s c r i m i n a t i n g   means  9  and  t h e n   the  n e x t  

e x c i t a t i o n   s i g n a l s   a re   pu t   out   to  e x c i t e   the  n e x t   e x c i t a t i o n  

p h a s e   a f t e r   mak ing   su re   t h a t   the  p r e s e n t   phase   i s   in  Qi  a c -  

c o r d i n g   to  the  p o s i t i o n a l   s i g n a l s   P1,  P2,  P3  and  P4  e m i t t e d  

from  the  e n c o d e r   2 .  

On  the  o t h e r   hand ,   when  the  o p e r a t o r   makes  an  i s s u e   of  t h e  

r e f e r e n c e   p u l s e   s i g n a l s   e m i t t e d   from  the  o s c i l l a t o r   5'  s o  

as  to  d e c e l e r a t e   the  r u n n i n g   speed   of the stepping  m o t o r ,   t h e  

o u t p u t   p h a s e   of  the   e n c o d e r   2  w i l l   move  f o r w a r d   in  p o s i t i o n  

to  the  phase   of  r e f e r e n c e   p u l s e   s i g n a l s .   C o n s e q u e n t l y ,  

the  c o n t i n u o u s   t ime  of  o u t p u t   s i g n a l s   "C"  e m i t t e d   from  t h e  



p h a s e   d i s c r i m i n a t i n g   means  4'  at   an  i n i t i a l   s t a g e   w i l l   e x -  

t r e m e l y   be  s h o r t e n e d   at  the  time  of  "Logic   1",  wh i l e   at  t h e  

t ime  of  "Log ic   0"  s a i d   c o n t i n u o u s   t ime  of  o u t p u t   s i g n a . l s   "C" 

w i l l   e x c e e d i n g l y   be  p r o l o n g e d ,   as  shown  in  the  t i m i n g   c h a r t  

of  F i g . 5 .  

The  m i c r o c o m p u t e r   8  d i s c r i m i n a t e s   s a i d   d i f f e r e n c e   b e t w e e n  

b o t h   l o g i c   l e v e l s   of  the  o u t p u t   p u l s e s   "C"  e m i t t e d   from  t h e  

p h a s e   d i s c r i m i n a t i n g   means  4 ' ,   as  shown  o b v i o u s l y   in  F i g . 6 ,  

a.nd  j u d g e s   i t s   s t a t e   as  " i t   is   p r o p e r   to  g ive   a  d e c e l e r a t i o n  

o r d e r "   i f   s a i d   l e v e l   i s   in   "Log i c   0"  and  c e a s e s   the  s e q u e n t i a l  

e m i s s i o n   of  e x c i t a t i o n   s i g n a l s   Q1,  Q2,  Q3  and  Q4,  and  i s s u e s  

the   e x c i t a t i o n   s i g n a l s   of  Qi  as  t hey   are  i f   the  e x c i t a t i o n  

s i g n a l s   now  e m i t t e d   from  the  m i c r o c o m p u t e r   are  of  Q..  The  

s t e p p i n g   m o t o r   1  w i l l   t h e r e f o r e   r e s u l t   in  the  b r a k e d   c o n d i -  

t i o n   and  i t s   r u n n i n g   speed   w i l l   g r a d u a l l y   go  to  r e d u c t i o n .  

A c c o r d i n g l y ,   the   c o n t i n u o u s   t ime  of  o u t p u t   s i g n a l s   "C"  e m i t t e d  

from  phase   d i s c r i m i n a t i n g   means  4'  w i l l   g r a d u a l l y   be  p r o l o n g e d  

a t   the  t ime  of  "Logic   1",  w h i l e   i t   w i l l   be  s h o r t e n e d   at  t h e  

t ime  of  "Log ic   0".  And  b o t h   l o g i c   l e v e l s   w i l l   soon  come 

to  a  b a l a n c e   c o n d i t i o n ,   where  the  r u n n i n g   speed   of  s t e p p i n g  

m o t o r   i s   s t a b i l i z e d .  

Thus,   i f   the  s e q u e n t i a l   e m i s s i o n   of  the  e x c i t a t i o n   s i g n a l s  

Q1,  Q2,  Q3  and  Q4  are   i n t e r r u p t e d ,   the   s t e p p i n g   mo to r   w i l l  

s u r e l y   be  l ed   to  d e c e l e r a t i o n   b u t ,   the  r o t o r   w i l l   keep  f u r t h e r  

on  r u n n i n g   f o r   a  l i t t l e   w h i l e   due  to  i t s   i n e r t i a   f o r c e ,   a s  



a f o r e m e n t i o n e d .   Fcr   t h i s   r e a s o n ,   the  d e v i c e   employed   i n "  

t h i s   embodiment   i s   d e s i g n e d   to  m o n i t o r   the  p o s i t i o n a l   s i g -  

n a l s   P1,  P2,  P3  and  P4  e m i t t e d   from  the  e n c o d e r   2  and  t o  

e n t e r   i n t o   the  n e x t   c o n t r o l   s t e p   a f t e r   m a k i n g   s u r e ,   t h r o u g h  

the   m i c r o c o m p u t e r   8,  t h a t   the   r o t o r   ran   to  the  n e x t   p h a s e  

due  to  s a i d   i n e r t i a   f o r c e .   T h e r e f o r e ,   more  smooth  r u n n i n g  

of   the  s t e p p i n g   m o t o r   i s   e n s u r e d   t h r o u g h   t h i s   c o n t r i v a n c e .  

R e f e r r i n g   t h e n   to  F i g . 7 ,   a  b l o c k   d i a g r a m   of   the   s p e e d  

c o n t r o l   m e c h a n i s m   r e l a t i n g   to  a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   t h e r e i n .   In  t h i s   F i g . 7 ,  

the   n u m e r i c   number   "1"  shows  a  s t e p p i n g   m o t o r ,   which  i s  

d r i v e n   by  the  s e q u e n t i a l   r e n o v a t i o n s   of  the   e x c i t a t i o n  

p a t t e r n .  

The  e n c o d e r   2  i s   c o n n e c t e d   to  the   r e v o l u t i o n a r y   s h a f t   o f  

t h i s   s t e p p i n g  m o t o r   1,  and  the  e n c o d e r  2   g e n e r a t e s   o u t p u t  

p u l s e s   s y n c h r o n i z e d   w i t h   the  r e v o l u t i o n   of  the   s t e p p i n g  

m o t o r   1.  A l t h o u g h   the  k i n d   of  e n c o d e r   2  i s   s p e c i f i c a l l y  

no t   c o n f i n e d ,   i t   i s   a d v i s a b l e ,   f o r   i n s t a n c e ,   to  use  an  i n -  

c r e m e n t a l   e n c o d e r   which   g e n e r a t e s   o u t p u t   p u l s e s   h a v i n g   a  

p h a s e   d i f f e r e n c e   of  A  and  B.  In  t h i s   i n c r e m e n t a l   e n c o d e r ,  

a  p u l s e   g e n e r a t i n g   number   shows  an  a c t u a l   r e v o l u t i o n   f r e -  

q u e n c y   of  the  s t e p p i n g   m o t o r   1,  a  p u l s e   g e n e r a t i n g   s p e e d  

shows  an  a c t u a l l y   r u n n i n g   speed   of  the  same  and  a  p u l s e  

g e n e r a t i n g   s e q u e n c e   shows  an  a c t u a l l y   r u n n i n g   d i r e c t i o n   o f  



the  s a m e .  

The  o u t p u t   s i g n a l s   of  t h i s   e n c o d e r   2  are  put   i n t o   one  o f  

the  i n p u t   p o r t s   of  the  phase   d i s c r i m i n a t i n g   means  4 ' ,   w h i c h  

compares   s a i d   s i g n a l s   w i th   the  r e f e r e n c e   c l o c k   s i g n a l s   a n d '  

d e t e c t s   w h e t h e r   the  r u n n i n g   speed  of  s t e p p i n g   m o t o r   1  i s   f a s t e r  

or  s l o w e r   t han   the  i n s t r u c t i o n   s p e e d .   That   i s   to  say ,   t h e  

r e f e r e n c e   c l o c k   s i g n a l s   "A"  e m i t t e d   from  the  o s c i l l a t o r   5 ' ,  

which   g e n e r a t e s   s p e e d - v a r i a b l e   r e f e r e n c e   c l o c k   s i g n a l s ,   a r e  

pu t   i n t o   a n o t h e r   i n p u t   p o r t   of  the  phase   d i s c r i m i n a t i n g  

means  4 ' ,   which  d e r i v e s   " L o g i c   1"  to  i t s   o u t p u t   t e r m i n a l  

when  the  phase   of  s a i d   r e f e r e n c e   c l o c k   s i g n a l s   "A"  m o v e s  

f o r w a r d   in  p o s i t i o n   to  the  phase   "T"  of  the  o u t p u t   p u l s e s  

e m i t t e d   from  the  e n c o d e r   2,  and  when  i t   moves  b a c k w a r d   in  p o -  

s i t i o n ,   d e r i v e s   "Log ic   0"  to  i t s   o u t p u t   t e r m i n a l .  

The  o u t p u t   p u l s e s   "C"  of  t h i s   phase   d i s c r i m i n a t i n g   means  4 '  

are   t hen   put   i n t o   a  c o n t r o l   means  10,  which   f u n c t i o n s   to  do 

an  a c c e l e r a t i o n   c o n t r o l   of the stepping  m o t o r   1  when  the  o u t p u t  

s i g n a l s   of  the  phase   d i s c r i m i n a t i n g   means  4'  are   in  "Log ic   1" 

and  a  d e c e l e r a t i o n   c o n t r o l   of  the  s t e p p i n g   m o t o r   1  when  s a i d  

s i g n a l s   are  in   "Log i c   0".  I n c i d e n t a l l y ,   we  may  add  t h a t   a n  

a c t u a l   c o m p o s i t i o n   of  the   p h a s e   d i s c r i m i n a t i n g   means  4'  may 

be  made  as  a f o r e m e n t i o n e d .  

A  wave  form  r e c t i f y i n g   means  11  i s   to  r e c t i f y   the  o u t p u t  

p u l s e s   h a v i n g   two  p h a s e s   of  A  and  B  e m i t t e d   from  the  e n c o d e r  

2  and  to  d e r i v e   the  s i g n a l s   s h o w i n g   w h e t h e r   the  s t e p p i n g  



m o t o r   1  r uns   to  n o r m a l   or  r e v e r s e   d i r e c t i o n .   F i g .  8   shows  

an  a c t u a l   c i r c u i t   example   of  the   wave  form  r e c t i f y i n g   m e a n s  

11,  which  c a u s e s   d i f f e r e n t i a t i n g   c i r c u i t s   111  and  112  t o  

g e n e r a t e   the  r e s p e c t i v e   p u l s e s   by  t i m i n g   an  a p p e a r a n c e   o f  

the   p u l s e s   at  a  l e a d i n g   edge  and  a  t r a i l i n g   edge  of  t h e  

A - p h a s e   p u l s e s ,   and  the  p u l s e s   t h u s   g e n e r a t e d   by  the  d i f f e r -  

e n t i a t i n g   c i r c u i t   a re   fed  to  the  "AND"  g a t e s   113  and  114 .  

When  s a i d   p u l s e s   p a s s   t h r o u g h   s a i d   AND  g a t e s ,   t hey   a re   g a t e d  

by  B - p h a s e   p u l s e   s i g n a l s .   As  can  be  u n d e r s t o o d   from  F i g . 9 ,  

when  the  s t e p p i n g   m o t o r   1  i s   in  r e v e r s e   run ,   the  phase   o f  

A - p h a s e   o u t p u t   s i g n a l s   moves  90  d e g r e e s   f o r w a r d   to  t h a t  

of   B - p h a s e   o u t p u t   s i g n a l s .   C o n s e q u e n t l y ,   the  o u t p u t   p u l s e s  

of   s a i d   d i f f e r e n t i a t i n g   c i r c u i t   112  which   a re   o b t a i n e d   b y  

d i f f e r e n t i a t i n g   the   t r a i l i n g   edge  of  A - p h a s e   s i g n a l s   are  p u t  

out   of   the  AND  g a t e   114.  On  the   c o n t r a r y ,   as  shown  in  F i g .  

10,  when  the  s t e p p i n g   m o t o r   1  i s   in  n o r m a l   run ,   the  phase   o f  

B - p h a s e   o u t p u t   s i g n a l s   moves  90  d e g r e e s   f o r w a r d   to  t h a t   o f  

A - p h a s e   o u t p u t   s i g n a l s .   A c c o r d i n g l y   the  o u t p u t   p u l s e s   o f  

s a i d   d i f f e r e n t i a t i n g   c i r c u i t   111  which  a re   o b t a i n e d   by  d i f -  

f e r e n t i a t i n g   the  l e a d i n g   edge  of   A - p h a s e   o u t p u t   s i g n a l s   a r e  

pu t   out   of  the  AND  g a t e   113.  Sa id   two  p u l s e   s i g n a l s   are   t h u s  

e m i t t e d   from  t h e s e   AND  g a t e s   113  and  114 ;   one  i s   a  n o r m a l  

r o t a t i o n   d e t e c t i n g   s i g n a l s   "J"  and  a n o t h e r   i s   a  r e v e r s e  

r o t a t i o n   d e t e c t i n g   s i g n a l s   "K",  which   a re   r e s p e c t i v e l y   p u t  

i n t o   the  a f o r e m e n t i o n e d   c o n t r o l   means  1 0 .  

For   more  d e t a i l e d   c o m p o s i t i o n   and  f u n c t i o n   of  s a i d   c o n t r o l  



means  10,  r e f e r   to  the  d e s c r i p t i o n s   which  w i l l   f u r t h e r   i n  

d e t a i l   be  n o t e d   l a t e r .  

The  c o n t r o l   means  10,  in  s h o r t ,   i s   to  g ive   " c o u n t - u p   c l o c k  

s i g n a l s "   to  a  r i n g   c o u n t e r   12  a c c o r d i n g   to  a  c e r t a i n   l o g i c  

c o n d i t i o n .   The  r i n g   c o u n t e r   12  c o u n t s   the  c o u n t - u p   c l o c k  

s i g n a l s   and  f e e d s   the  t h u s   c o u n t e d   v a l u e   to  an  a d d r e s s   d e -  

c o d e r   13,  which   d e c o d e s   the  s a i d   c o u n t e d   v a l u e   fed  from  t h e  

r i n g   c o u n t e r   12  and  a c c e s s e s   the  r e q u i r e d   i n f o r m a t i o n s   s e -  

q u e n t i a l l y   from  P-ROM  14.  A c c o r d i n g l y ,   i t   i s   a d v i s a b l e   t o  

s t o r e   in   a d v a n c e   the  t a b l e   of  e x c i t a t i o n   p a t t e r n   r e q u i r e d  

to  d r i v e   the  s t e p p i n g   m o t o r   1  in   t h i s   P-ROM  and  a l s o   to  make 

the  c o u n t   v a l u e   r e c e i v a b l e   from  the  r i n g   c o u n t e r   12  c o r r e -  

spond  to  the  a d d r e s s   of  P-ROM.  I f   so,  the  e x c i t a t i o n  

p h a s e   of  the  s t e p p i n g   m o t o r   1  w i l l   s e q u e n t i a l l y   be  r e n o v a t e d  

w h e n e v e r   the  c o n t r o l   means  10  p u t s   out   the  c o u n t - u p   c l o c k  

s i g n a l s .   A c c o r d i n g l y ,   the  more  the  number   of  s a i d   c o u n t - u p  

c l o c k   s i g n a l s   e m i t t e d   f r o m  s a i d   c o n t r o l   means  10  i n c r e a s e s ,  

the  more  the  r e n o v a t i o n   s p e e d   of  e x c i t a t i o n   p a t t e r n   i n c r e a s e s ,  

so  t h a t   the  s t e p p i n g   m o t o r   w i l l   go  to  a c c e l e r a t i o n .   On  t h e  

c o n t r a r y ,   the  l e s s   the  number   of  s a i d   c l o c k   s i g n a l s   r e d u c e s ,  

the  l e s s   the  r e n o v a t i o n   speed   of  e x c i t a t i o n   p a t t e r n   d e c r e a s e s ,  

so  t h a t   the  s t e p p i n g   mo to r   w i l l   go  to  d e c e l e r a t i o n .  

I n c i d e n t a l l y ,   a  d r i v e r   6  which  a m p l i f y s   the  s i g n a l s   f o r  

e x c i t a t i o n   p a t t e r n   a c c e s s e d   from  P-ROM  and  g i v e s   s a i d   a m p l i -  

f i e d   s i g n a l s   to  the  s t e p p i n g   m o t o r   1,  and  a  DC  power   s o u r c e   7 



s e r v i n g   as  a  s u p p l y   s o u r c e   of  s a i d   d r i v e r   6  are  of  the  same 

type   as  t h a t   has   h e r e t o f o r e   commonly  been   k n o w n .  

R e f e r r i n g   t h e n   to  F i g . 1 1 ,   an  a c t u a l   c i r c u i t   example   o f  t h e  

c o n t r o l   means  10  o u t l i n e d   above  i s   i l l u s t r a t e d   t h e r e i n .  

A l t h o u g h   the  c o n t r o l   means  10  shown  in  t h i s   c i r c u i t   e x a m p l e  

i s   e s s e n t i a l l y   to  g ive   the  c o u n t - u p - c l o c k   s i g n a l s   e m i t t e d  

from  the   o s c i l l a t o r   101  to  the  r i n g   c o u n t e r   12  and  to  make  

them  s e q u e n t i a l l y   i m p r e s s   to  an  a d d r e s s   d e c o d e r   13,  when  s a i d  

c o n t r o l   means  10  p u t s   out   such  c o u n t - u p - c l o c k   s i g n a l s   e m i t t e d  

from  the  o s c i l l a t o r   101,  s a i d   c o n t r o l   means  c a r r i e s   cut   a._ 

l o g i c a l   a n a l y s i s   of  the  s t a t e   where  the  s t e p p i n g   m o t o r   1 

s t a n d s   j u s t   at  t h a t   t ime  by  u s i n g   the  o u t p u t   s i g n a l s   e m i t t e d  

from  the   a f o r e m e n t i o n e d   e n c o d e r   2  and  the   s i g n a l s   p r o c e s s e d  

t h r o u g h   the  p h a s e   d i s c r i m i n a t i n g   means  4'  or  the   wave  f o r m  

r e c t i f y i n g  m e a n s   11,  and  at  the  same  t ime  c a r r i e s   out   a  

c o n t r o l   o f  t h e   r e n o v a t i o n   speed   of  e x c i t a t i o n   p a t t e r n   b y  

c o n t r o l l i n g   a  c o n d u c t i o n   of  the  c o u n t - u p - c l o c k   s i g n a l s   e m i t -  

t ed   from  the  o s c i l l a t o r   101  a c c o r d i n g   to  the  s a i d   l o g i c a l  

s t a t e .  

A  f l i p - f l o p   c i r c u i t   "F1"  i s   to  s t o r e   the  d a t a   to  d e c i d e  

w h e t h e r   the  s t e p p i n g   m o t o r   has  to  be  a c c e l e r a t e d   or  d e c e l -  

e r a t e d .   That   i s   to  say,   the   o u t p u t   s i g n a l s   "C"  of  p h a s e  

d i s c r i m i n a t i n g   means  4'  are   pu t   i n t o   a  "SET"  i n p u t   p o r t   o f  

the  f l i p - f l o p   "F1"  and  the  " r e v e r s e "   o u t p u t   s i g n a l s   of  p h a s e  

d i s c r i m i n a t i n g   means  4'  are   put   i n t o   a  "RESET"  i n p u t   p o r t  



of  the  s a i d   f l i p - f l o p   "F1" .   C o n s e q u e n t l y ,   when  the  p h a s e  

of  o u t p u t   s i g n a l s   e m i t t e d   from  the  e n c o d e r   2  i s   b a c k w a r d   i n  

p o s i t i o n   to  t h a t   of  r e f e r e n c e   c l o c k   s i g n a l s   "A",  the  f l i p -  

f l o p   "F1"  w i l l   be  s e t   and  s t o r e   the  f a c t   t h a t   the  s t e p p i n g  

m o t o r   has  to  be  a c c e l e r a t e d  ;   and  on  the  c o n t r a r y   when  t h e  

phase   of  o u t p u t   s i g n a l s   e m i t t e d   from  the  e n c o d e r   2  i s   f o r -  

ward  in  p o s i t i o n   t o  .   t h a t   of  r e f e r e n c e   c l o c k   s i g n a l s   " A " ,  

the  f l i p - f l o p   "F1"  w i l l   be  r e s e t   and  s t o r e   the  f a c t   t h a t  

the  s t e p p i n g   m o t o r   has  to  be  d e c e l e r a t e d .   Thus,   when  t h e  

f l i p - f l o p   "F1"  i s   s e t ,   the  o s c i l l a t o r ' s   c l o c k   p u l s e   s i g n a l s  

b e c o m e - p o s s i b l e   to  be  put   out   t h r o u g h   the  AND  g a t e   " G 1 " .  

C o n s e q u e n t l y   the  r e n o v a t i o n   speed   of  e x c i t a t i o n   p a t t e r n   o f  

the  s t e p p i n g   mo to r   w i l l   be  q u i c k e n e d ,   t h e r e b y   the  s t e p p i n g  

m o t o r   1  w i l l   be  b r o u g h t   to  the  a c c e l e r a t i o n   m o d e .  

A l s o ,   a  f l i p - f l o p   "F2"  i s   to  s t o r e   the  d a t a   to  j u d g e  

w h e t h e r   the  s t e p p i n g   m o t o r   1  i s   in   n o r m a l   run  or  r e v e r s e  

run  by  u s i n g   the  o u t p u t   s i g n a l s   of  wave  form  r e c t i f y i n g  

means  11.  That   i s   to  say,   s i n c e   the  r u n n i n g   m o t i o n   o f  

s t e p p i n g  m o t o r ,   l o o k i n g  i t   m i c r o s c o p i c a l l y ,   i s   g e n e r a l l y  

made  s t e p   by  s t e p ,   t h e r e   i s   a  p o s s i b i l i t y   t h a t   c e r t a i n   o f  

v i b r a t i o n s   a r e : c a u s e d   by  the  r e p e t i t i o n   of  n o r m a l / r e v e r s e  

r o t a t i o n s   in   the  m i n u t e s t   h o u r   e s p e c i a l l y   in   low  speed  z o n e .  

For  t h i s   r e a s o n ,   when  the  s t e p p i n g   mo to r   1  i s   in  n o r m a l   r u n ,  

i f   the  s i g n a l s   fo r   r e n o v a t i n g   the  e x c i t a t i o n   p a t t e r n   a r e  

g i v e n ,   i t   i s   f e a r e d   t h a t   the  s t e p p i n g   m o t o r   f a l l s   i n t o  



d i s o r d e r .   T h e r e f o r e ,   in   t h i s   c i r c u i t   e x a m p l e ,   i t   i s   d e s i g n e d  

to  s e t   the  f l i p - f l o p   "F2"  w i t h   the  use   of  n o r m a l   r o t a t i o n   d e -  

t e c t i n g   s i g n a l s   "J"  e m i t t e d   from  the  wave  form  r e c t i f y i n g  

means  11  when  the  s t e p p i n g   m o t o r   i s   in   n o r m a l   r o t a t i o n ,   a n d  

to  r e s e t   the  f l i p - f l o p   "F2"  w i th   the   use   of  r e v e r s e   r o t a t i o n  

d e t e c t i n g   s i g n a l s   "K"  e m i t t e d   from  the  wave  form  r e c t i f y i n g  

means   11  when  the   s t e p p i n g   mo to r   i s   in   r e v e r s e   r o t a t i o n .  

Thus ,   the   f l i p - f l o p   "F2"  f u n c t i o n s   to  c l o s e   an  AND  g a t e   "G2" 

when  the   s t e p p i n g   m o t o r   i s   in   r e v e r s e   r o t a t i o n   to  p r e v e n t   a n  

u n t i m e l y   r e n o v a t i o n   of  the  e x c i t a t i o n   p a t t e r n .  

A  f l i p - f l o p   "F3"  i s   to  make  a  c o o r d i n a t i o n   of  the  e x c i t a -  

t i o n   p a t t e r n   g i v e n   to  the  s t e p p i n g   m o t o r   1  and  the  c u r r e n t  

p h a s e   of  the  s t e p p i n g   m o t o r   1.  As  can  be  u n d e r s t o o d   f r o m  

the  a f o r e m e n t i o n e d   d e s c r i p t i o n s ,   the  s t e p p i n g   m o t o r   1  r u n s  

one  s t e p   e v e r y   r e n o v a t i o n   of  the  e x c i t a t i o n   p a t t e r n ,   and  a l s o  

the  e n c o d e r   2  p u t s   out   the  p u l s e   s i g n a l s   e v e r y   t ime  the  s t e p -  

p i n g   m o t o r   runs   one  s t e p .   However ,   t h e r e   w i l l   be  a  c e r t a i n  

t ime  l a g   from  s a i d   r e n o v a t i o n   of  e x c i t a t i o n   p a t t e r n   to  s a i d  

g e n e r a t i o n   of  the  p u l s e   s i g n a l s .   I f   the  e x c i t i n g   o p e r a t i o n  

i s   c a r r i e d   out   f o r   the  n e x t   e x c i t a t i o n   p a t t e r n   b e f o r e   t h e  

s t e p p i n g   m o t o r   runs   a c t u a l l y   to  i t s   f i x e d   p o s i t i o n   a f t e r   a  

c e r t a i n   e x c i t a t i o n   p a t t e r n   has  been   e x c i t e d ,   i t   i s   f e a r e d  

t h a t   the   s t e p p i n g   m o t o r   r uns   i n t o   d i s o r d e r .   T h e r e f o r e ,   t h i s  

c o n t r o l   d e v i c e   i s   c o n t r i v e d   to  i n t e r r u p t   the  r e n o v a t i o n   o f  

e x c i t a t i o n   p a t t e r n   by  r e s e t t i n g   the  f l i p - f l o p   "F3"  w h e n e v e r  



the  c o u n t - u p - c l o c k   s i g n a l s   pa s s   t h r o u g h   the  AND  g a t e   "G2"  a n d  

c l o s i n g   the  AND  g a t e   "G1",  and  t h e n   to  s e t   the  f l i p - f l o p   " F 3 "  

by  the  o u t p u t  s i g n a l s  o f   a  c o m p a r a t o r   102  and  to  open  the  AND 

g a t e   " G 1 " .  

That   i s ,   the  A - p h a s e   p u l s e   s i g n a l s   ( B - p h a s e  p u l s e s   are  a l s o  

w a r r a n t a b l e )   e m i t t e d   from  the  e n c o d e r   2  are   put   i n t o   one  o f  

the  i n p u t   p o r t s   of  the  c o m p a r a t o r   102,  which   c o u n t s   up  t h e s e  

p u l s e   s i g n a l s   and  d e t e c t s   an  a c t u a l   phase   p o s i t i o n   of  t h e  

s t e p p i n g   m o t o r   1,  The  o u t p u t   s i g n a l s   of  r i n g   c o u n t e r   12  f e d  

i n t o   a n o t h e r   i n p u t   p o r t   of  the  c o m p a r a t o r   102  i n d i c a t e   t h e  

e x c i t a t i o n   p a t t e r n   of  the  s t e p p i n g   m o t o r   1  to  be  e x c i t e d   j u s t  

a t   t h a t   t i m e .   Then,   the  c o m p a r a t o r   102  makes  a  c o m p a r i s o n  

b e t w e e n   the  a b o v e - m e n t i o n e d   two  s i g n a l s   and  d e t e c t s   t h a t   t h e  

s t e p p i n g   mo to r   1  r an   to  a  d e s i r e d   p o s i t i o n   and  t h e n   d e r i v e s  

the  s i g n a l s   of  "Log ic   1"  to  i t s   o u t p u t   t e r m i n a l   and  s e t s   t h e  

f l i p - f l o p   "F3",   t h e r e b y   mak ing   the  AND  g a t e   "G1"  open  a n d  

e n a b l e s   r e n o v a t i n g   f u r t h e r   e x c i t a t i o n   p a t t e r n .  

A  f l i p - f l o p   "F4"  i s   employed   in   the  r e n o v a t i o n   of  the excita-  

t i o n   p a t t e r n   at  the  t ime  of  d e c e l e r a t i o n .   As  n o t e d   a b o v e ,  

when  the  phase   of  o u t p u t   s i g n a l s   e m i t t e d   from  the  e n c o d e r   2 

moves  f o r w a r d   in  p o s i t i o n   t o   t h a t   of  the  r e f e r e n c e   c l o c k  

s i g n a l s   "A",  the  wave  form  of  o u t p u t   s i g n a l s   "C"  e m i t t e d  

from  the  phase   d i s c r i m i n a t i n g   means  4'  b e g i n s   to  f a l l   a n d  

the  f l i p - f l o p   "F1"  i s   t h e n   r e s e t   and  in   c o n s e q u e n c e   the  AND 

g a t e   " G 1 "  i s   c l o s e d .   The  v a l u e   c o u n t e d   up  by  the  r i n g -  



c o u n t e r   12  i s   a c c o r d i n g l y   no t   r e n o v a t e d ,   so  t h a t   the  e x c i t e -  

t i c n   p a t t e r n   a l s o   can  not   be  r e n o v a t e d .   As  the  r e s u l t ,   t h e  

s t e p p i n g   mo to r   1  i s   l ed   to  a  b r a k e d   c o n d i t i o n ,   i . e .   d e c e l e r -  

a t e d ,   bu t   the  r o t o r   k e e p s   f u r t h e r   on  r u n n i n g   f o r  a   l i t t l e  

w h i l e   due  to  i t s   i n e r t i a   f o r c e .   Then,   when  a  c o m p a r a t o r  

103  which   i s   made  in  the  same  s t r u c t u r e   as  t h a t   of  c o m p a r a t o r  

102  d e t e c t s   t h a t   the   r o t o r   ran   to  the  n e x t   e x c i t a t i o n   p h a s e  

by  c o m p a r i n g   T - p h a s e   s i g n a l s   e m i t t e d   from  the  e n c o d e r   2  w i t h  

the  v a l u e   c o u n t e d   by  the  r i n g   c o u n t e r   12,  the  f l i p - f l o p   " F 4 "  

w i l l   be  s e t   and  the  AND  g a t e   "G3"  w i l l   t hen   be  o p e n e d .  

A c c o r d i n g l y ,   the  c o u n t - u p - c l o c k   s i g n a l s   e m i t t e d   from  t h e  

o s c i l l a t o r   101  f l ow  i n t o   the  r i n g   c o u n t e r   12  t h r o u g h   the  AND 

g a t e   "G3"  and  the  OR  g a t e   "G4",  and  a c t   to  r e n o v a t e   the  s i g -  

n a l s   of  r i n g   c o u n t e r   12  and  f u r t h e r   to  make  a  c o o r d i n a t i o n  

b e t w e e n   the  e x c i t a t i o n   p a t t e r n   and  the  c u r r e n t   phase   o f  

s t e p p i n g   m o t o r   1.  At  t h i s   t i m e ,   f l i p - f l o p   "F4"  i s   r e s e t   b y  

the   p u l s e   s i g n a l s   p a s s i n g   t h r o u g h   the  AND  g a t e   "G3"  and  r e -  

t u r n s   to  o r i g i n a l   s t a t e .   In  t h i s   c o n n e c t i o n ,   an  a d d i t i o n  

c i r c u i t   104  a c t s   to  add  "1"  to  the  v a l u e   c o u n t e d   by  the  r i n g  

c o u n t e r   12.  Tha t   i s   to  say ,   even  i f   the  s t e p p i n g   mo to r   1 

ran   one  s t e p   due  to  the  i n e r t i a   f o r c e   the  e x c i t a t i o n   p a t t e r n  

i t s e l f   w i l l   not   ye t   be  r e n o v a t e d ,   so  t h a t   the  p r e s e n t   p h a s e  

w i l l   move  f o r w a r d   one  s t e p   to  the  e x c i t a t i o n   phase   to  b e  

e x c i t e d .   T h e r e u p o n ,   t h i s   c o n t r o l   d e v i c e   i s   c o n t r i v e d   t o  

o f f s e t   s a i d   p r o g r e s s   of  one  s t e p   a f t e r   making   a  c o m p a r i s o n  



b e t w e e n   the  c u r r e n t   phase   and  the  e x c i t a t i o n   p a t t e r n   by  t h e  

a id   of  s a i d   a d d i t i o n   c i r c u i t   1 0 4 .  

Hav ing   t h u s   d e s c r i b e d   the  s t r u c t u r e   and  w o r k i n g   p r i n c i p l e  

of  the  speed   c o n t r o l   d e v i c e   a c c o r d i n g   to  the  p r e s e n t   i n v e n -  

t i o n ,   i t s   o p e r a t i o n a l   g i s t   w i l l   n e x t   be  d e s c r i b e d   in  f u r t h e r  

d e t a i l   in   c o n n e c t i o n   w i th   the  a f o r e m e n t i o n e d   s p e c i f i c a t i o n  

and  the  a c c o m p a n y i n g   d r a w i n g s .  

I n i t i a l l y ,   when  the  o p e r a t o r   o p e r a t e s   to  q u i c k e n   an  i s s u e  

of  r e f e r e n c e   c l o c k   s i g n a l s   to  be  e m i t t e d   from  the  o s c i l l a t o r  

5'  in  the  case  where  s t a r t i n g   or  a c c e l e r a t i n g   the  s t e p p i n g  

m o t o r   1,  the  p h a s e   of  s a i d   r e f e r e n c e   c l o c k   s i g n a l s   w i l l  

n a t u r a l l y   move  f o r w a r d   in  p o s i t i o n   to  t h a t   of  o u t p u t   s i g -  

n a l s   e m i t t e d   from  the  e n c o d e r   2.  A c c o r d i n g l y ,   the  c o n t i n u -  

ous  t ime  of  o u t p u t   s i g n a l s   "C"  e m i t t e d   from  phase   d i s c r i m i -  

n a t i n g   means  4 ' ,   as  a f o r e m e n t i o n e d ,   at  an  i n i t i a l   s t a g e   w i l l  

e x t r e m e l y   be  p r o l o n g e d   at   the  t ime  of  "Log i c   1",  wh i l e   i t  

w i l l   e x c e e d i n g l y   be  s h o r t e n e d   a t   the  t ime  of  "Log ic   0",  a s  

shown  in  a  t i m i n g   c h a r t   of  F i g . 4 .  

When  the  o u t p u t   s i g n a l s   "C"  of  phase   d i s c r i m i n a t i n g   means  4 '  

i s   in   "Log ic   1",  the  f l i p - f l o p   c i r c u i t   "F1"  w i l l   be  s e t ,   a n d  

the  AND  g a t e s   "G1"  and  "G2"  w i l l   b o t h   be  opened   b e c a u s e   t h e  

f l i p - f l o p   c i r c u i t s   "F2"  and  "F3"  have  b o t h   been   s e t .   And 

the  c o u n t - u p - c l o c k   s i g n a l s   o f .  t h e   o s c i l l a t o r   101  a c t  t o   r e -  

n o v a t e   the  s i g n a l s   of  r i n g   c o u n t e r   12  t h r o u g h   the  AND  g a t e s  

G1,  G2  and  the  OR  g a t e   G4.  A c c o r d i n g l y   the  e x c i t a t i o n   p a t -  

t e r n   a c c e s s e d   from  the  P-ROM  14  w i l l   a l s o   be  r e n o v a t e d   a n d  



in   c o n s e q u e n c e   the  s t e p p i n g   m o t c r   1  w i l l   be  led   to  a c c e l e r a -  

t i o n .   At  t h i s   t i m e ,   t h o u g h   the  f l i p - f l o p   "F3"  i s   r e s e t   a n d  

the   AND  g a t e   "G1"  i s   c l o s e d   by  the  p u l s e   s i g n a l s   p a s s i n g  

t h r o u g h   the  AND  g a t e   "G2",  i f   the  c u r r e n t   phase   of  s t e p p i n g  

m o t o r   1  moves   to  f o l l o w   up  to  the   t r a n s i t i o n   of  e x c i t a t i o n  

p a t t e r n ,   the  f l i p - f l o p   "F3"  i s   d i r e c t l y   s e t   and  the  AND  g a t e  

"G1"  i s   opened   by  the   o u t p u t   s i g n a l s   of  c o m p a r a t o r   102  b y  

which   s a i d   t r a n s i t i o n   of  the  e x c i t a t i o n   p a t t e r n   i s   d e t e c t e d .  

Thus  the  r e n o v a t i o n   of  e x c i t a t i o n   p a t t e r n   w i l l   s e q u e n t i a l l y  

be  r e p e a t e d   and  in  c o n s e q u e n c e   the  s t e p p i n g   m o t o r   1  w i l l   b e  

led   to  a c c e l e r a t i o n   f o l l o w i n g   to  s a i d   r e n o v a t i o n   of  the  e x -  

c i t a t i o n   p a t t e r n .  

In  t h i s   way,  the  c o n t i n u o u s   t ime  of  o u t p u t   s i g n a l s   "C" 

e m i t t e d   from  the  p h a s e   d i s c r i m i n a t i n g   means  4'  w i l l   g r a d u a l l y  

be  s h o r t e n e d   at   the   t ime  of  " L o g i c   1",  and  at   the  time  o f  

" L o g i c   C"  i t   w i l l   be  p r o l o n g e d   g r a d u a l l y ,   and  when  the  two  

r e a c h   the  b a l a n c e d   c o n d i t i o n   the  speed   of  s t e p p i n g   mo to r   1 

w i l l   be  s t a b i l i z e d .  

In  t h i s   p r o c e s s ,   i f   the  s t e p p i n g   m o t o r   1  s h o u l d   t e m p o r a l l y  

go  i n t o   r e v e r s e   r o t a t i o n   due  to  v i b r a t i o n   or  o t h e r   u n f o r e s e e n  

c a u s e s ,   the  f l i p - f l o p   "F2"  w i l l   be  d i r e c t l y   r e s e t   by  t h e  

r e v e r s e   r o t a t i o n   d e t e c t i n g   s i g n a l s   "K"  e m i t t e d   from  t h e  

wave  form  r e c t i f y i n g   means  11  and  the  AND  g a t e   "G2"  w i l l   b e  

c l o s e d ,   t h e r e b y   the  r e n o v a t i o n   of  the  e x c i t a t i o n   p a t t e r n   w i l l  

i n s t a n t l y   be  c e a s e d .   A f t e r   t h i s ,   when  the  s t e p p i n g   mo to r   1 



r e t u r n s   to  n o r m a l   r o t a t i o n ,   the  f l i p - f l o p   "F2"  w i l l   i m m e d i -  

a t e l y   be  se t   by  the  n o r m a l   r o t a t i o n   d e t e c t i n g   s i g n a l s   " J "  

e m i t t e d   from  the  wave  form  r e c t i f y i n g   means  11  and  t h e r e a f t e r  

the  r e n o v a t i o n   of  e x c i t a t i o n   p a t t e r n   can  be  c a r r i e d   out  as  i n  

an  o r d i n a r y   w a y .  

On  the  o t h e r   hand ,   when  the  o p e r a t o r   o p e r a t e s   to  d e l a y  

the  i s s u e   of  r e f e r e n c e   c l o c k   s i g n a l s   "A"  e m i t t e d   from  t h e  

o s c i l l a t o r   5'  in   o r d e r   to  d e c e l e r a t e   the  speed   of  s t e p p i n g  

m o t o r   1,  the  phase   of  the  o u t p u t   s i g n a l s   e m i t t e d   from  t h e  

e n c o d e r   2  w i l l   move  f o r w a r d   in  p o s i t i o n   to  t h a t   of  r e f e r -  

ence  c l o c k   s i g n a l s .   A c c o r d i n g l y ,   the  c o n t i n u o u s   t ime  o f  

o u t p u t   s i g n a l s   "C"  e m i t t e d   from  the  phase   d i s c r i m i n a t i n g  

means  4 ' ,   as  shown  in  the  t i m i n g   c h a r t   of  F i g . 5 ,   at   an  i n i t i a l  

s t a g e   w i l l   e x c e e d i n g l y   be  s h o r t e n e d   at   the  t ime  of  "Logic   1 " ,  

w h i l e   i t   i s   e x t r e m e l y   p r o l o n g e d   at  the   t ime  of  "Log ic   C" .  

When  t h e  o u t p u t   s i g n a l s   e m i t t e d   from  the  phase   d i s c r i m i -  

n a t i n g   means  4'  show  a  s t a t e   of  "Log ic   0",  the  f l i p - f l o p   " F 1 "  

i s   r e s e t   and  the  c o n d u c t i o n   of  c o u n t - u p - c l o c k   s i g n a l s   p a s s i n g  

t h r o u g h   the  AND  ga t e   "G1"  i s   s h u t   o f f ,   so  t h a t   the  r e n o v a t i o n  

of  the  v a l u e   c o u n t e d   by  the  r i n g   c o u n t e r   12  i s   s t o p p e d   a n d  

the  r e n o v a t i o n   s i g n a l s   of  e x c i t a t i o n   p a t t e r n   a c c e s s e d   f r o m  

the  P-ROM  are  a l s o   c e a s e d   to  i s s u e .   And  when  the  c o m p a r a t o r  

1 0 3  d e t e c t s   t h a t   the  c u r r e n t   phase   of  s t e p p i n g   m o t o r   1  p r o -  

g r e s s e d   due  to  the  i n e r t i a   f o r c e ,   the  f l i p - f l o p   "F4"  i s   d i -  

r e c t l y   s e t   and  the  AND  g a t e   "G3"  i s   o p e n e d ,   so  t h a t   the  c o u n t -  

u p - c l o c k   s i g n a l s   e m i t t e d   from  the  o s c i l l a t o r   101  are  fed  t o  



the  r i n g   c o u n t e r   12  t h r o u g h   the  AND  ga t e   "G3"  and  the  e x c i t a -  

t i o n   p a t t e r n   i s   r e n o v a t e d .   Then,  the  f l i p - f l o p   "F4"  i s   d i -  

r e c t l y   r e s e t   by  the  c o u n t - u p - c l o c k   s i g n a l s   p a s s e d   t h r o u g h   t h e  

AND  g a t e   "G3".  A f t e r   t h i s ,   w h e n e v e r   the  c o m p a r a t o r   103  d e -  

t e c t s   t h a t   the  c u r r e n t   phase   of  s t e p p i n g   m o t o r   1  p r o g r e s s e d  

due  to  the  i n e r t i a   f o r c e ,   the  c o u n t - u p - c l o c k   s i g n a l s   are  p u t  

out   t h r o u g h   the  AND  g a t e   "G3"  to  r e n o v a t e   the  e x c i t a t i o n   p a t -  

t e r n .  

T h e r e f o r e ,   when  the  o u t p u t   s i g n a l s   "C"  of  phase   d i s c r i m i -  

n a t i n g   means  4'  show  a  s t a t e   of  " L o g i c   0",  the  c u r r e n t   p h a s e  

of  s t e p p i n g   mo to r   1  does  no t   f e l l o w   to  the  t r a n s i t i o n   of  e x -  

c i t a t i o n   p a t t e r n   in  such  a  way  t h a t   the  o u t p u t   s i g n a l s   o f  

phase   d i s c r i m i n a t i n g   means  4'  f u n c t i o n e d   at   the  t ime  o f  

"Log i c   1"  but   the   e x c i t a t i o n   p a t t e r n   i t s e l f   i s   r e n o v a t e d   b y  

f o l l o w i n g   to  the  t r a n s i t i o n   of  c u r r e n t   phase   which  i s   c a u s e d  

by  the  i n e r t i a   f o r c e   of  r o t o r .   In  t h i s   way,  the  s t e p p i n g  

m o t o r   1  w i l l   g r a d u a l l y   l ed   to  d e c e l e r a t i o n ,   and  when  b o t h  

c o n t i n u o u s   t i m e s   of  "Log ic   0"  and  "Log ic   1"  which  are  r e -  

s p e c t i v e l y   shown  by  the  o u t p u t   s i g n a l s   "C"  of  phase   d i s c r i -  

m i n a t i n g   means  4'  come  to  a  b a l a n c e d   c o n d i t i o n ,   the  r u n n i n g  

speed   of  s t e p p i n g   mo to r   1  w i l l   be  s t a b i l i z e d .  

GENERAL  EFFECT  OF  THE  INVENTION 

As  has  been  u n d e r s t o o d   from  a f o r e m e n t i o n e d   s p e c i f i c a t i o n ,  

the  speed   c o n t r o l   d e v i c e   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n  

e n a b l e s   c o n t r o l l i n g   f r e e l y   the  r u n n i n g   speed   of  the  s t e p p i n g  



m o t o r   d r i v e n   in  the  c l o s e d   loop  by  o p t i o n a l l y   c h a n g i n g   t h e  

o s c i l l a t i o n   f r e q u e n c y   of  the  o s c i l l a t o r   which  i s   one  of  t h e  

most   i m p o r t a n t   m e c h a n i s m s   of  t h i s   speed   c o n t r o l   d e v i c e ,   a n d  

a l s o   e n a b l e s   p r e v e n t i n g   the  s t e p p i n g   m o t o r   from  any  d i s o r d e r  

or  wrong  m o t i o n s   which  migh t   be  c a u s e d   by  u n f o r e s e e n   f a c t o r s .  

In  a f o r e m e n t i o n e d   e m b o d i m e n t ,   h a v i n g   s p e c i f i c a l l y   e x -  

p l a i n e d   the  m e c h a n i s m ,   w o r k i n g   p r i n c i p l e   and  o p e r a t i o n   f o r  

c o n t r o l l i n g   a  t y p i c a l   4 - p h a s e   s t e p p i n g   m o t o r ,   i t   i s   n e e d l e s s  

to  say  t h a t   the  speed   c o n t r o l   d e v i c e   u n d e r   the  p r e s e n t   i n v e n -  

t i o n   is   not   c o n f i n e d   m e r e l y   f o r - t h i s   t y p e .   A l so ,   in   a f o r e -  

m e n t i o n e d   e m b o d i m e n t ,   i t   has  been   e x p l a i n e d   w i t h   the  use  o f  

an  a b s o l u t e   e n c o d e r   which  i s   l i k e w i s e   one  of  the  most   i m p o r -  

t a n t   m e c h a n i s m s   of  t h i s   speed   c o n t r o l   d e v i c e ,   h o w e v e r ,   t h e r e  

is   no  doubt   t h a t   in  a c t u a l   c a s e s   i t   i s   p o s s i b l e   to  use  a n  

i n c r e m e n t a l   e n c o d e r   or  the  l i k e   f o r   t h i s   p u r p o s e   by  making   a  

few  c h a n g e s   in   the  e x i s t i n g   c i r c u i t   c o n s t r u c t i o n   w i t h o u t  

d o i n g   a  f u n d a m e n t a l   m o d i f i c a t i o n .   F u r t h e r m o r e ,   in   a f o r e -  

m e n t i o n e d   e m b o d i m e n t ,   h a v i n g   s p e c i f i c a l l y   e x p l a i n e d   s u c h  

a s p e c t s   t h a t   the  o p e r a t o r   c o n t r o l s   m a n u a l l y   the  f r e q u e n c y   o f  

o s c i l l a t o r ,   i t   goes   w i t h o u t   s a y i n g   t h a t   s a i d   f r e q u e n c y   c o n -  

t r o l   can  be  c a r r i e d   out  a c c o r d i n g   to  a  p r e s e t   p r o g r a m .  



1.  In  a  sys t em  to  c o n t r o l   the  r u n n i n g   speed   of  a  s t e p p i n g  

m o t o r   t h r o u g h   a  c o n t r i v a n c e   c o n n e c t e d   an  e n c o d e r   t h e r e t o  

and  g e n e r a t i n g   p u l s e   s i g n a l s   t h e r e f r o m   and  p u t t i n g   s a i d  

p u l s e   s i g n a l s   i n t o   a  d i s t r i b u t o r  ;   the  speed   c o n t r o l   d e v i c e  

f o r   s t e p p i n g   m o t o r ,  

h a v i n g   a  p u l s e   g e n e r a t o r   p o s s i b l e   to  change  i t s   f r e q u e n c y  

and  a  phase   d e t e c t o r   which  r e c e i v e s   p u l s e   s i g n a l s   e m i t t e d  

from  bo th   of  s a i d   e n c o d e r   and  s a i d   p u l s e   g e n e r a t o r   and  d e -  

t e c t s   each  phase   of  s a i d   two  p u l s e   s i g n a l s ,   a n d  

f e a t u r i n g   to  s e q u e n t i a l l y   s h i f t   the  e x c i t a t i o n   phase   o f  

the  m o t o r   and  to  a c c e l e r a t e   or  d e c e l e r a t e   the  r u n n i n g   s p e e d  

of  s a i d   s t e p p i n g   m o t o r   a c c o r d i n g   to  a  d i f f e r e n c e   b e t w e e n  

b o t h   l o g i c a l   l e v e l s   of  the   o u t p u t   s i g n a l s   e m i t t e d   from  s a i d  

p h a s e   d e t e c t o r .  

2.  In  a  sys tem  to  c o n t r o l   the  r u n n i n g   speed  of  a  s t e p p i n g  

m o t o r   t h r o u g h   a  c o n t r i v a n c e   d e s i g n e d   to  be  p o s s i b l e   to  d e c i d e  

which   e x c i t a t i o n   p h a s e   to  be  e x c i t e d   a c c o r d i n g   to  the  o u t p u t  

s i g n a l s   e m i t t e d   from  an  e n c o d e r   c o n n e c t e d   to  s a i d   s t e p p i n g  

m o t o r  ;   the  speed  c o n t r o l   d e v i c e   f o r   s t e p p i n g   m o t o r   c o m -  

p r i s i n g ,  



a  c l o c k   s i g n a l   g e n e r a t i n g   means  w h i c h  g e n e r a t e s   s p e e d -  

v a r i a b l e   r e f e r e n c e   c l o c k   s i g n a l s ,  

a  phase   d i s c r i m i n a t i n g   means  which  makes  a  c o m p a r i s o n  

b e t w e e n   bo th   p h a s e s   of  s a i d   r e f e r e n c e   c l o c k   s i g n a l s   and  s a i d  

o u t p u t   s i g n a l s   e m i t t e d   from  s a i d   e n c o d e r   and  g i v e s   an  a c c e l -  

e r a t i o n   o r d e r   i f   the  phase   of  s a i d   r e f e r e n c e   c l o c k   s i g n a l s  

i s   f o r w a r d   in  p o s i t i o n   t o   t h a t   of  e n c o d e r   o u t p u t   s i g n a l s  

and  g i v e s   a  d e c e l e r a t i o n   o r d e r   i f   i t   is   b a c k w a r d   in  p o s i t i o n  

to  t h a t   of  e n c o d e r   o u t p u t   s i g n a l s ,  

a  r o t a t i o n a l   d i r e c t i o n   d e t e c t i n g   means  to  d e t e c t   t h e  

r o t a t i o n a l   d i r e c t i o n   of  s t e p p i n g   m o t o r   t h r o u g h   s a i d   e n -  

c o d e r   o u t p u t   s i g n a l s ,  

a  phase   d e t e c t i n g   means  to  d e t e c t   the  c u r r e n t   p h a s e  

of  the  s a i d   s t e p p i n g   m o t o r   t h r o u g h   s a i d   e n c o d e r   o u t p u t  

s i g n a l s ,  

an  a c c e l e r a t i o n   means  to  make  the  e x c i t a t i o n   p h a s e  

s t e p   f o r w a r d   when  the  a c c e l e r a t i o n   o r d e r   i s   g i v e n   a f t e r  

d e t e c t e d   by  s a i d   r o t a t i o n a l   d i r e c t i o n   d e t e c t i n g   m e a n s  

the  f a c t   t h a t   s a i d   s t e p p i n g   m o t o r   i s   in   n o r m a l   r o t a t i o n ,  

a n d  

a  d e c e l e r a t i o n   means  to  m a i n t a i n   the  e x c i t a t i o n   p h a s e  

as  i t   i s   w h e n e v e r   a  d e c e l e r a t i o n   o r d e r   i s   g i v e n   u n t i l  

s a i d   phase   d e t e c t i n g   means  d e t e c t s   t h a t   s a i d   s t e p p i n g  

m o t o r   ran   to  a  f i x e d   p h a s e .  



3.  In  a  sy s t em  to  c o n t r o l   the  r u n n i n g   speed   of  a  s t e p p i n g  

m o t o r   t h r o u g h   a  c o n t r i v a n c e   d e s i g n e d   to  be  p o s s i b l e   t o  

d e c i d e   which   e x c i t a t i o n   phase   to  be  e x c i t e d   a c c o r d i n g   t o  

the  o u t p u t   s i g n a l s   e m i t t e d   from  an  e n c o d e r   c o n n e c t e d   t o  

s a i d   s t e p p i n g   m o t o r  ;   the  speed   c o n t r o l   d e v i c e   f o r   s t e p -  

p i n g   m o t o r   c o m p r i s i n g ,  

a  g e n e r a t i n g   means  of  e x c i t a t i o n   p a t t e r n   to  be  g i v e n  

to  the  s a i d   s t e p p i n g   m o t o r ,  

a  r e n o v a t i o n   means  to  s e q u e n t i a l l y   r e n c v a t e   s a i d   e x c i -  

t a t i o n   p a t t e r n ,  

a  c o m p a r i s o n   means  to  compare   an  a c t u a l   r u n n i n g   s p e e d  

of  s a i d   s t e p p i n g   m o t o r   w i t h   an  i n s t r u c t e d   s p e e d ,  

a  c o n t r o l   means  to  change   a  r e n o v a t i o n   speed  of  s a i d  

e x c i t a t i o n   p a t t e r n   a c c o r d i n g   to  a  d i f f e r e n c e   b e t w e e n   s a i d  

a c t u a l   r u n n i n g   speed   of  the  s t e p p i n g   m o t o r   and  s a i d   i n -  

s t r u c t e d   s p e e d .  
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